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Disclaimer

Shell Oil Co. makes no warranties, either express or implied, regarding the
enclosed computer software package, its merchantability, or its fithess for
any particular purpose. Shell Oil Co. does not warrant that this software
will be error free or operate without interruption. The exclusion of implied
warranties is not permitted by some states. The above exclusion may not
apply to you. This warranty provides you with specific legal rights. There
may be other rights that you may have which vary from state to state.

Appleisaregistered trademark of Apple Computer, Inc.
Macintosh and HyperCard are trademarks of Apple Computer, Inc.

f77.rl isaproduct of Absoft Corp

Comments/Suggestions?
Comments and/or suggestions about the usefulness of this program can be mailed to:

Paul C. Johnson
Shell Development
Westhollow Research Center
P.O. Box 1380
Room EC-649
Houston, TX 77251-1380

Please do not call the author and/or Shell with questions about the use or
interpretation of results from this program.
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Foreword

HyperVentilate is a software guidance system for vapor extraction (soil venting)
applications. Initial development of this program occured under the Apple Macintosh
HyperCard environment, due to its programming simplicity, ability to incorporate text and
graphics, and interfacing with other Macintosh programs (such as FORTRAN codes, etc.).
The objective was to create a user-friendly software package that could be both educational
for the novice environmental professional, and functional for more experienced users.

HyperVentilate will not completely design your vapor extraction system, tell you exactly
how many days it should be operated, or predict the future. It will guide you through a
structured thought process to: (a) identify and characterize required site-specific data, (b)
decideif soil venting is appropriate at your site, (c) evaluate air permeability test results, (d)
calculate the minimum number of vapor extraction wells, and (€) quantify how results at
your site might differ from the ideal case.

Hyper Ventilate is based on the article "A Practical Approach to the Design, Operation,
and Monitoring of Soil Venting Systems" by P. C. Johnson, C. C. Stanley, M. W.
Kemblowski, J. D. Colthart, and D. L. Byers [Ground Water Monitoring Review, Spring
1990, p.159 - 178]. The software performs all necessary calculations and contains "help
cards' that define the equations used, perform unit conversions, and provide
supplementary information on related topics. In addition, a 62-compound user-updatable
library (to a maximum of 400 compounds) is aso included.

HyperVentilate version 1.01 for the Apple Macintosh requires an Apple Macintosh
(Plus, SE, SE/30, 11, 11X, or portable) computer equipped with at least 1 MB RAM (2 MB
preferred) and the Apple HyperCard Software Program (v.2.0 or greater)

This manual is not intended to be a primer on soil venting (although the software is) and it
is assumed that the user is familiar with the use of an Apple Macintosh personal computer.
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. Introduction

In situ vapor extraction, or soil venting is recognized as an attractive remediation alternative
for "permeable" soils contaminated with "volatile" compounds. As Figure 1 illustrates,

vapors are removed from extraction wells, thereby creating a vacuum and vapor flow
through the subsurface. Until the residual contamination is depleted, contaminants will

volatilize and be swept by the vapor flow to extraction wells. While its use has been

demonstrated at service stations, Superfund sites, and manufacturing locations (see Hutzler
et al. [1988] for case study reviews), vapor extraction systems are currently designed more
by intuition than logic. Infact, many systemsareinstalled at sites where the technology is
not appropriate.

"A Practical Approach to the Design, Operation, and Monitoring of In Situ Soil Venting
Systems" [Johnson et al. 1990a - see Appendix G] is afirst attempt at creating a logical
thought process for soil venting applications. The article, which is based on earlier results
of Thornton and Wootan [1982], Marley and Hoag [1984], Johnson et al. [1990], and
discussions with severa of these authors, describes a series of calculations for determining:
(a) if soil venting is appropriate at a given site, (b) limitations of soil venting, and (c)
system design parameters, such as minimum number of extraction wells and potential
operating conditions.

HyperVentilate is a software guidance system based on the Johnson et al. [1990a]

article. The software performs all necessary calculations and contains "help cards" that
define the equations used, perform unit conversions, and provide supplementary
information on related topics. In addition, a 62-compound updatable chemical library (to a
maximum of 400 compounds) is included.

Initial development of this program occured under the Apple Macintosh HyperCard
environment, due to its programming simplicity, ability to incorporate text and graphics,
and interfacing with other Macintosh programs (such as FORTRAN codes, etc.). The
objective was to create a user-friendly software package that could be both educational for
the novice environmental professional, and a functional tool for more experienced users.
The OASIS [1990] system created at Rice University for groundwater contamination
problems is another excellent example of the use of HyperCard as a technology transfer
tool.

This document is a users manual for Hyper Ventilate. It contains sections describing the
installation and operation of the software. During the development of Hyper Ventilate,
the goal was to create a guidance system that could be used with little or no instruction.
Experienced Apple Macintosh users, therefore, can load and explore the capabilities of this
program after glancing at the "Loading Hyper Ventilate Software' section. Those users that
are less comfortable about exploring software without a manual are encouraged to read
through it once, and work through the sample problem. It is intentionally brief, and a
beginner should be able to navigate through the system in less than a couple hours. It is
assumed that the user has some previous Macintosh experience. If not, consult a
Macintosh users manual for aquick tutorial.
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Figure 1. Schematic of atypical vapor extraction operation.
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1. Definition of Some Terms Appearing in this Manual

button - an object on a "card" that causes some action to be performed when
“clicked" on

card - anindividual screen that you view on your monitor

click - refersto the pressing and releasing of the button on your mouse

drag - refersto holding down the mouse button while moving the mouse

field - atext entry location on a"card"

HyperCard - aprogramming environment created by Apple Computer, Inc.

mouse - the device used to move the cursor within your monitor

select - refersto "dragging” the cursor across a"field"

stack - agroup, or file, of "cards’

[1l. Software/Hardware Requirements

Apple Macintosh HyperVentilate version 1.01 requires an Apple Macintosh (or
equivalent) computer equipped with at least 1 MB RAM (2 MB preferable), a hard disk,
and the Apple HyperCard Software Program (v 2.0). Check to make sure that your
system software is compatible with your version of HyperCard.

IV. Loading HyperVentilate Software

HyperVentilate is supplied on an 800 kB double-sided, double density 3.5" diskette.
Follow the instructions listed below to insure proper operation of the software.

1) Insert the HyperVentilate disk into your computer's floppy drive. The
Hyper Ventilate disk should contain the files:

- "Sail Venting Stack"

- "Soil Venting Help Stack”
- "System Design”

- "Air Permeability Test"

- "Aquifer Characterization"
- "Compound List Update"
- "HypeVent"

- 77t

2) Copy these files onto your hard disk. They must be copied into the folder
that contains the "HyperCard" program, or else the software will not
operate properly.

3) Eject the Hyper Ventilate disk
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V. Using HyperVentilate

The authors of HyperVentilate intend it to be an application that requires little pre-
training for the user. It is mouse-driven and instructions are included on each card, so
please take the time to read them when you first use Hyper Ventilate.

This section of the users manual is divided into three subsections. Start-up instructions are
given in the first, basic features of the cards are described in the second, and a sample
exerciseis presented in the third. For reference, copies of al cards, aswell as more details
on each are given in Appendices A through F.

V.1l. Starting HyperVentilate

1)

2)

3)

4)

5)

Those users with color monitors should use the "Control Panel” (pull down the
" " menu and select "Control Panel”, then click on the "Monitors" icon) to set their
monitors to black and white, and two shades of grey.

To avoid unnecessary "card-flipping”, set the "Text Arrows" option in your
"Home" stack "User Preferences’ card to on. Y ou can get to this card from within
any HyperCard application by selecting "Home" under the "Go" menu. This will
take you to the first card in the "Home" stack. At this point click on the left-
pointing arrow and the "User Preferences’ card will appear on your screen. Then
click on the square to the left of "Text Arrows" until an " X" appearsin the square.

HyperVentilate is started by double-clicking on the "Soil Venting Stack” fileicon
from the Finder (or Desktop), or by choosing "Open" under the "File" menu (Note
that using a more advanced version of Hyper Card than the one under which this
system was developed (v 2.0) may require you to first "convert” each of the seven
Hyper Card stacks contained in HyperVentilate).

Y our monitor should display the card shown in Figure 2. Note that there are a
number of buttons on this card; there are two at the lower left corner, and then each
file folder tab is also a button (some cards may contain less obvious "hidden”
buttons; try clicking on the authors name on thetitle card for example). Clicking on
any of these will take you to another card. For example, clicking on the "About
This Stack™ button will take you to the card shown in Figure 3, which gives a brief
description about the use of buttons and fields. Read this card well.

Explore for afew minutes. Try to see where various buttons will take you, try
entering numbersin fields, or play with calculations. Again, just remember to read
instructions given on the cards.
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V.2. General Features of Cards

Figures 4 and 5 are examples of cards from the "Soil Venting Stack" stack and "System
Design" stack. There are a few general features of these cards that users should
understand:

a)

b)

d)

Each card (with the exception of the first card of the "Soil Venting Stack” stack) has
been numbered for easy reference with the printouts given in Appendices A through
F. Inthe"Soil Venting Stack" these numbers appear in the bottom center of each
card (i.e. number "3" in Figure 4). In other stacks these numbers appear at either
the top or bottom corners of the card (i.e. "SD1" in Figure 5).

Arrow buttons are included at the bottom of some cards. Clicking on right-pointing
arrow will advance you to the next card in the stack; clicking on the left-pointing
arrow will take you in the opposite direction.

The identifying card numbersin the "Soil Venting Stack™ stack are also fields into
which text can be typed. Y ou can skip to other parts of the "Soil Venting Stack"
stack by selecting thisfield, typing in the card number of your destination (within
the "Soil Venting Stack™), and then hitting the "return” key.

Many cards have a house button in the lower left corner. Clicking on this button
will take you to the first card of the "Soil Venting Stack” stack, which is the card
displayed at start-up (see Figure 2).

In-Situ Soil Venting System Design Process

o can click on any block in this diagram o get more information about that particular step. O wou
an begin at the start of the process bw clicking on either the "Leak or 3pill Discowvered"” box, or the
right-directed arrowr at the botom of this card.

Alr Permeahility
Insrestizgation Test

¥ ¥ ¥

Sereen Treatment Grround wrater Bwstem Operation T

Swstem Design

Alternatives Pump Test & Monitoring

Hao Ha Ha
Ventng ¢ Ventng ¢
Swstem

Bhut-Off
Tes — S

Print Flow Diagram

Figure 4. Card 3 of the "Soil Venting Stack™ stack.

O
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Number of Venting Wells..
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Flowrate
Eatimation

Mazximum Remosral
&3 fllnatrated at the right, we will estimate Eate

single wertcal well flowrates, calculate the
mdndmr wapor flow required , determine TMirdrmrm Volome
the areal extent of influence , and then Requirement
factor in any site-specific imitatdons. This
information then determines the necessarsy Site- Specific
rrber of extraction wells. Limnitations

Juzt proceed 1o follow the steps dictated on
the following cards---=

Axea of Influence
Requirerment

Figure5. Card SD1 of the "System Design" stack.

V.3. Sample Problem Exercise

In the following a sample problem is executed in excruciating detail. Those not wishing to
work along with the example are encouraged to utilize Appendices A through F as
references for more details on the less obvious functions of some cards.

This"Sample Problem Exercise” is divided into to four subsections that address. navigating
through Hyper Ventilate (8V.3.1), screening sites to see if soil venting is an appropriate
technology (8V.3.2), interpreting air permeability test data (8V.3.3), and guidance for
designing soil venting systems (8V.3.4).

V.3.1 Navigating Through HyperVentilate

Step 1. Location: The "Desktop" or Finder.
Action:  Start-up Hyper Ventilate by double-clicking on the "Soil Venting
Stack™ icon, or click once on thisicon and then choose "Open™ from
the "File" menu.
Result: HyperVentilate will start-up and display the title card (Figure 2).

Step 2: Location: Title Card of the "Soil Venting Stack™ stack.
Action:  Click on the "About This Stack™ button.
Result:  You are now at card H1 of the "Soil Venting Help Stack” stack
(Figure 3).
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Step 3:

Step 4

Step 5:

Step 6:

Location:
Action:

Result:

Location:
Action:
Result:

Location:
Action:
Result:

Location:
Action:
Result:

Card H1 of the "Soil Venting Help Stack™ stack.

Play with the buttons and scrolling field. Practice entering a number
inthefield in front of "inches'. Place the cursor in the box. 1t will
change from a hand to an "I-bar" as it enters the field. Hold down
the mouse button and drag the I-bar across the entry, which will
become hilited. Now type in another number, or hit the delete key.
Practice until you feel comfortable selecting text and entering
numbers. Then click on the "Click for Calculation" button. When
you are done practicing, click on the "Return” button.

Return to the title card of the "Soil Venting Stack” (Figure 2).

Title Card of the "Sail Venting Stack™ stack.

Click on the "Economics' file folder tab.

You are now at card 27 of the "Soil Venting Stack" stack. Take a
quick glance at this card, which isdisplayed in Figure 6.

Card 27 of the "Soil Venting Stack™ stack.
Click on the "House" button in the lower |eft corner.
You are back at thetitle card (Figure 2).

Title card of the "Soil Venting Stack” stack.
Click on the"Go to First Card" button.
You are now at card 1 of the "Soil Venting Stack" stack (Figure 7).

Foonomics. .. "Click" on any item below (&

hold button down) to see costs

For typical service station sites,
clean-up costs can range from ||
$100K - $250K for the venting
operation alone, depending on

the complesty of the site, clean-
up time, perrnitting

requirernents, and the type of
vapor treatrnent systern used.

associated with that item.

The two major costs are
generally associated with the
vapor treatrnent unit and

i

Figure 6. Card 27 of the "Soil Venting Stack" stack.

O
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This HyperCard Stack was created to help guide envirommental scientists
through the thought process necessary to decide if and how soil venting rmight
be applied to remediate a given site. The orgarnization and logic of this stack
follows the paper:

"A Practical Approach to the Diesign, Operation,
and Monitoring of In-3itu Seil ¥enting Systems”

b

P. C. Johnson, C. C. Stanley, M. W. Eemblowski, J. . Colthart, & D. L. Bvers

published in Ground Water Monitoring Fewiew, Spring 1990, p. 159-178

If at this point you do not feel comfortable with the use of the buttons, please
click once on "?" for more info on the mechanics of this stack.

Figure7. Card 1 of the "Soil Venting Stack” stack.

Step 7: Location:
Action:
Result:

Step 8: L ocation:
Action:
Result:

Step 9: L ocation:

Action:
Result:

Step 10:  Location:
Action:

Result:

Card 1 of the "Soil Venting Stack" stack.
Click on the right-pointing arrow.
You are now at Card 2 of the "Soil Venting Stack" stack (Figure 8).

Card 2 of the "Soil Venting Stack" stack.

Read the text, and click on the "down" and "up" arrows on the
displayed text field under "About Soil Venting..." to make the
field scroll. Then click on the |eft-pointing arrow at the card bottom.
Y ou are now back at card 1 of the "Soil Venting Stack” (Figure 7).

Card 1 of the "Soil Venting Stack" stack.

Click on the right pointing arrow.

You areagain at card 2 of the "Soil Venting Stack" stack (Figure 8).
By now you should feel comfortable using the left- and right-
pointing arrows to travel through the stack.

Card 2 of the "Soil Venting Stack" stack.

Click on the "?" button in the lower right corner of the card. This
button indicates that there is a "Help" card containing additional
information.

You are now at card H2 of the "Soil Venting Help Stack" stack
(Figure 9). Scroll through the list of references, then click on the
"Return” button to return to card 2 of the " Soil Venting Stack" stack.

At this point you should feel comfortable navigating around in Hyper Ventilate.

10
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venting” | "vacuum extraction”, & ||
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rapidly becoming one of the most
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with relatively volatile

hydrocarbons. Vapor Flow

The underlyving phenotnena that - ::
influence the suceess of any soil -

venting operation are easily

understood. By applying a wacuum

i

Figure 8. Card 2 of the "Soil Venting Stack” stack.

Help: About Soil Ventin

More information about 20il wenting can be found in the following articles:

M. C. Marlewand . E. Hoag, Induced Soil ¥enting for the RecoverwRestwration of Gasoline
Hrdrocarbons in the ¥adose Zone, HWWAIAPT Conference on Petrolewm Hiwdrocarbons and
Organic Chernicals in Grownd water, Houston, T2, 1954,

P. C Johoson, M. W, Kemblowski, and J. D. Colthart, Practcal Screening Models for Soil
Ventng Applications, NWWALAPT Conderence on Petrolewmn Hwdrocarbons and Organic Chemicals
in Grovnd water, Howvston, T2, 19585,

H. ] Huler, B. E. Muwphw, and J. 8. Gierke, 3tate of Technology Review: 2oil Yapor Extraction
Bvstems, U 3. E.P A, CR-314319-01-1, 19358,

D J Wilson, & H. Clarke, and J. H. Clarke, Soil Clean-up by in-sit Aeration. I. Mathematical
Modelling, Jep. Bcience Tech. , 23:991-1037, 1935,

Print Eeferences

Figure9. Card H2 of the "Soil Venting Help Stack" stack.
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V.3.2 Sample Problem Exercise - Is Venting Appropriate?

In 8V.3.2. you will work through an example problem to illustrate how one might decide if
venting is appropriate at any given site. For the purpose of this example we will use the
example siteinformation given in Figure 10.

North South
0 —
A Tank
Sandy Backfill
= 0.3 Clay (former tank = 0.8 == 0.31
v location) o
10= — ==02- _A ——————— — o 46—- — — 1.2-
== 0.02 - —— 03 == (.44
Fineto 62
_ 20w == 0.0 Coarse Sand =54 - 8. 1= 0.17
Ecé’ o4 00 4 8577 4 214 <4 38
_@ 30— — --0-2- Tv —————— --341— —_— — - 3]— - — — e 0.63
c
>
S Silty Clay 15
& 0.0 & 653 - 967 .
; .
S0 -+ 17 Clayey Silt == 3267 + o1 -+ 086
% (R T — 1 ______ -.=1237 f— _128g9 _— — _--_23-
% =21 A == 23831 =+ 16
w '
8 50 ! 1+ Fineto . . 4 23167 +=32 ¥
Medium Sand
- 1.7
60 m=— == 95 \
HB-17 HB-10 HB-5 HB-3
Static Ground
Water Table
SCALE (ft)
I } |
0 10 20

Contamination Type: Weathered Gasoline

Figure 10. Sample site data (Johnson et al. [1990a]). Total petroleum hydrocarbons
(TPH) [mg/kg] values are noted for each boring.

12
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Using your newly developed navigational skills and the right pointing arrow located at the
bottom of each card, slowly step your way through the stack until you reach card 7 of the
"Soil Venting Stack" stack (Figure 11). Take your time to read the text and "Help" cards
associated with each card along the way.

Step 1. Location: Card 7 of the "Soil Venting Stack" stack.
Action:  Read thiscard. It explainsthe process that you will use to decide if
venting is appropriate. Then advance to card 8 of the "Soil Venting
Stack" stack.
Result:  You are now at card 8 of the "Soil Venting Help Stack" stack
(Figure 12).

Step 2: Location: Card 8 of the "Soil Venting Help Stack™ stack.
Action:  Read the instructions on this card. Take the time to read the
information on the two "Help" cards: "Info about Calculation”" and
"About Soils (& Unit Conversions)".

Now we will evaluate the efficacy of applying in situ soil venting to
the lower soil zone (45 - 50 ft below ground surface) in Figure 10,
which is composed of fine to medium sands. It aso is the zone of
highest hydrocarbon residual levels (>20000 mg/kg TPH in some
areas).

Is Venting Appropriate?

Flowrrate
Read This Estimation
: v
At thiz point we will proceed through a Maximum ¥apor
sitnple thought process to decide if soil Concentation
venting is a feasible alternative. As +
mentioned earlier, the three main factors that

govern the success of a venting operation are:

- vapor flowrate Succeptahle 7
- vapor concentrations
- subswrface stratigraphy (or the location of

confaminants relative to the vapor MMore Realiztic
flowrpath) Ctaleulations

v

IMaximum Remowval
Rate

Figure 11. Card 7 of the "Soil Venting Stack™ stack.

13
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Flowrate Estimation: 13 Choose Soil Type, or

0 bedivm Sand 2y Enter Well Radins {in)

@ Fine Sand
) Silty Sand

) Clayey Silts

) Input ¥our Own Permeability Range LT {BCFM

Permeability Range (darcy) {mPHw o {zingle well)
2

Optional - Enter wour own permeability walues (daocy)

3y Enter Radinz of Influence (ft) & Interval Thickness*
4y Optional - Enter wour own wwell swacuum (06" = mac
5y Click button to calenlate Predicted Flowrate Ranges

Predicted Flowrate Ranges
Well Flowrrate

L1

[to [ 10 ]

Well Radius
Radius of Influence [ 40 |ft 20 1.30
Interval Thickness* [ 66 |ft 40 2.24

) N.z3
[ Z Jin 10 .58

332
6,29
12,02
23,38
709

& 371

( --»>Calculate Flowrate Ranges<—- ) 120 6 23

G827

# thickness of sereened interval, or | Lzoo || 10.07
eable zome [whichewer is smaller].

5 ¥ 8385887

100.65

Info about Calculation

Figure 12. Card 8 of the "Sail Venting Stack” stack.

Step 3:

Step 4:

Step 5:

Location:
Action:

Result:

L ocetion:
Action:

Result:

L ocation:
Action:

Card 8 of the "Soil Venting Stack" stack.
Choose the "Fine Sand" soil type, and enter:

well radius = 2in

radius of influence = 40 ft
interval thickness = 6.6 ft

user input vacuum = 200 in HO

into the appropriate fields, then click on the

"-->Calculate Flowrate Ranges<--" button.

The flowrate ranges are calculated and displayed. Your screen
should now look like Figure 12. The calculated values are estimates
of the flowrate to asingle vertical well (and are only valid estimates
when your conditions are consistent with the assumptions built into
the calculation - see Johnson et a. [1990a, b] for more details).

Card 8 of the "Soil Venting Stack" stack.

Click on the right pointing arrow to advance to card 9. Read the
information on this card, then advance to card 10

You are now at card 10 of the "Soil Venting Stack" stack (see Figure
13).

Card 10 of the "Sail Venting Stack™ stack.

Assume that the soil temperature at our sample siteis 18° C. Enter
this value in the appropriate field, then hit the "return" key. This
action clears al values from the other fields.
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Vapor Concentration Estimation - Calculation

@ Twpe in Temperature (*C) (hit <returns)

Click to Enter Cormposition of Contarninant O Enter Distribution

or 1 "Fresh" Gasoline

Choose one of the Default Distributions ) "Weathered" Gasoline

Click to View Distributions, (optional) ( Wiew Distributions )

Click to Perform Calculations @ Perform Calculations

Surn of Mass Fractions 1.00000
Results: Cale. Vapor Pressure 0.057 34 atm
Cale. Vapor Concentration 203.94878 | mgfl

ow Do [ Meazure a Distribution " shot Caleulation,

Figure 13. Card 10 of the "Soil Venting Stack" stack.

Help: Compound List et |

View Only Mode | Fapor

Mass Molecular Pressure {atm)
¥ Compound Name Fracion Weight(g) @[ 18 [C

propane 0.00 441 8.04673
izobutane 0.00 281 275865
n-butane 0 a8.1 1.97431
trans-2-butene 0 o601 1. 84196
cis-2-butene 0 o1 167019
3-methyl- 1-butene 0 701 0.838399
isopentane 0.006% 722 0.73146
l-pentene 0.0005 70.1 0.64958%
2-methyl-1-butene 0.0008 701 062093
Z-methyl-1 3-butadiens 0.0000 5E. 1 0.60914
= Bum of Mass Fractions

{zhould he =13

— uD 20 -] O oL o o

How Do [ Measure a Distibution? Return 1o ¥apor Conc. Estimation Cand

Figure 14. Card H16 of the "Soil Venting Help Stack” stack.

O




- HyperVentilate Users Manual -

Step 6:

Step 7

Step 8:

Step 9:

Result:

Location:
Action:

Result:

Location:
Action:
Result:

Location:
Action:

Result:

Location:
Action:

At this site the residual hydrocarbon is a "weathered" gasoline, so
choose this selection from the three composition options listed. The
"Fresh" and "Weathered" gasoline selections correspond to pre-
programmed compositions that are useful for estimation purposes.
If you knew the composition of your residual, then you could enter
it by selecting the "Enter Distribution” option. Click on the "View
Distributions” button to take alook at the compound library and the
pre-specified composition of "weathered" gasoline.

You are now at card H16 of the "Soil Venting Help Stack" stack
(see Figure 14).

Card H16 of the "Soil Venting Help Stack™ stack.

View the library and pre-specified composition. If you are
interested, explore some of the help cards. Then click on the
"Return to Vapor Conc. Estimation Card" button to return to card 10
of the "Soil Venting Stack” stack.

You are now at card 10 of the "Soil Venting Stack" stack (Figure
13).

Card 10 of the "Soil Venting Stack™ stack.

Click on the "Perform Calculations" button.

HyperVentilate calculates the maximum possible vapor
concentration corresponding to the specified composition and
temperature. The results are displayed in Card 10 of the "Sail
Venting Stack" stack, which should now look like Figure 13.

Card 10 of the "Soil Venting Stack" stack.

Using the right-pointing arrow button, advance to card 11 of the
"Soil Venting Stack” stack. Take the time to read the text, then click
on the "Calculate Estimates’ button

You are at card 12 of the "Soil Venting Stack" stack. The calculated
flowrates and maximum possible removal rates are displayed along
with an updated list of the input parameters that you have entered.
Your screen should look like Figure 15, if you have chosen the
"lb/d" units.

Card 12 of the "Soail Venting Stack™ stack.

Click on the right-pointing arrow button. Y ou are now at card 13 of
the "Soil Venting Stack” stack. Read the text, then enter:

estimated spill mass =4000 kg

desired remediation time =180d

Now click on the "-->Press to Get Rates<--" button
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Maximum Removal  Tempersture (709 is
- Hoil Twvpe Fine Sand
Rate Estimates S0l Permeahility Range (darcy) | w10

Well Rading (in) 2

gelect our unit preference below Radivs of Influence (1t} 40 _
Contaminant Type Weathered Gasoline

i [Ib/d] Permeahle Zone Thickness (ff) 6.6

O [kg"fd] P, - el Flowrate Eztimates IMax. Remoswal Rate Estimates
Mot Warum [BCFM] [1wid]
L fin H 50 {zingle well) {aingle well)

S 5 033 3 32 [

remoal rates” amd should 10 066 £ 59 124
only he vsed a3 screening 20 1.20 13,02 251
eatimates 10 determine if 40 2 54 25 3R 517
venting is even feasihle ata &0 271 37 09 739
given site. Continue on to 120] 6 83 A 27 1778

the next card 1o assess if 200 10.07 10066 3636
these rates are acceptable.

Figure 15. Card 12 of the "Soil Venting Stack" stack.

Ix Soi! Venting Appropriate? Enter _
TR TP —p———— (1) Estimated Spill Mass[_4000]

mazimum possible removal rate ] Frier Desired
with vour desired removal rate. Fermediation Time

If the masinem retmneval rate @ ( --=Prezz 10 get Rates<-- )
does not exceed vour desired
remeval rate, then seil venting Single Vertical Well Results

15 not likely to meet your needs, _
; Desived Remowal Rate: 22 22
and you should consider another Clamze Vagmm (in H20): 200

treatment tectmelogy, or make Min Flowrsts @ 200 nH20 | 10.07
your needs more realistic. Max Flowrate @ 200 inHz0 | 100.66
IMax. Est. Remoswal Rate:
In the nezt cards, we will refine (lower eatimate) - per well 164 892
the removal rate estimates, in {upper estimate) - per well 1647.108

Figure 16. Card 13 of the "Soil Venting Stack” stack.
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Step 10:

Step 11:

Result:

Location:
Action:

Result:

Location:
Action:

Result:

Y our screen should now look like Figure 16. Note that your desired
removal rate (=22 kg/d) is less than the estimated maximum removal
rates for asingle vertical well (=165 to 1650 kg/d). At thispointin
the screening exercise, therefore, soil venting still appears to be a
viable option.

Card 13 of the "Soil Venting Stack™ stack.

Click on the right-pointing arrow button to advance to card 14 of the
"Soil Venting Stack™ stack. Read the text, then advance to card 15
of the "Soail Venting Stack™ by clicking on the right-pointing arrow
button. Again, take the timeto read the text, then advance to card 16
of the "Soil Venting Stack" stack. The focus of these cards is the
prediction of vapor concentrations and removal rates as they change
with time due to composition changes. It is important to try to
understand the concepts introduced in these cards.

You are at card 16 of the "Soil Venting Stack" stack (see Figure 17).

Card 16 of the "Soil Venting Stack” stack.

This card is used to finalize your input data prior to calculating vapor
concentration and residual soil contamination composition changes
withtime. Read theinstructionsin the order that they are numbered.
Note that the summary table in the upper right corner of the card
contains al the parameter values that you have input thus far. The
instructions describe how to change these values, but at this point
we will retain the displayed values. Becauseit is difficult to present
the behavior of each compound in a mixture composed of an
arbitrary number of compounds, the output is simplified by
reporting the behavior in terms of "boiling point” ranges. This
simply represents a summation of all compounds whose boiling
points fall between pre-specified values. Presented in this fashion,
the model results can be interpreted much more quickly. Click on
the "tell me more about BP ranges..." button, read the help card,
then return to card 16 of the "Soil Venting Stack” stack. Click on
the "-->Set Default BP Ranges<--" button. Y our screen should now
look like Figure 17. Click on the "Generate Predictions' button

The message "Sit Back and Relax..." will appear on your screen,
followed by a screen on which the following appears:

"Copyright O Absoft Corp 1988

Copyright 00 Shell Oil Co 1990

HANG ON ----- YOU WILL BE RETURNED TO HYPERCARD...

# OF COMPOUNDS IN LIBRARY = 62"

Then card 17 of the "Soil Venting Stack™ stack will appear.
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Model Fredictions Temnperature {70
(D Hoil Twvpe
- - Hoil Permeability Range (dary)
To the right is a swmmeary of the “Well Rading ¢in)
data you have input. If you wish o | Fadius of Influence (ft) 40 _
o1 e any of the info, then click Contaminant Tvpe Weathered Gasoline

o the parsmeter nams., and redo Permeahle Zone Thickness (ff) 6.6
the calenlations on the cand won will
be taken 0. Press the blinking
'Retormn' button 1o come back

& Eoiling Point Range #1 | _-50 28
The model retums output that [£+ Eoiling Foint Eanee #£2 [ 28 an
allowrs wom, 10 deteriine Boiling Point Range #3 | &0 111
residual amounts of Eoiling Point Range #4| 111 144

compounds falling within 3 Boiling Point Range #5 | 144 250
boiling point ranges. Twvpe in
wour own ranges, or choose
the defanlt walues.

@ |: --» Set Default BP Ranges <-- )

@ [Eenerale Predictiuns]

. tell me more ahout BP ranges. ..

Figure 17. Card 16 of the "Soil Venting Stack" stack.

(D[ --* Import Data <-- ) Satorated ¥apor 0.2053E+03 | [msil]

Concentration at time=0
FIRAT PREZ3 THE IMPORT Min Yolume 10 Remove _1 >5.48 [L-airg-
DATA BUTTON! >00% of Initial Residunal - rezidual]

These are the reaults for the Temperate {°C): 18
contaminant twpe that won hase Contaminant Type: | Weathered Gasoline |

QU0 Vapor Residual EP #2 EP #3 EF #4 EBFP #5
L-aix! Crone. Lewel Residval | Residval | Residual | Residual
g-regidual | [#8 Initial] | [#8 Initial] [%&total] | [%6 total] | [#8 totel] | [¥8 total]
.00 100,000 | 100,000 . 11.650 24.010 22.140 41.510

.24 75062 Q5,000 . 0263 23.982 23.000 43,632

87 58631 an.nzz . 6.755 23.474 23.820 45,950

R da.07a 85.034 . 4512 22.403 24 577 48,509
39,390 30.034 . 2632 20,771 25.248 51.350
31.941 75.035 . 1.222 18.503 25.766 54.509
25916 70,035 . 385 15.556 26.031 S8.0258 |
21.150 65,037 . Qi 12.053 25.919 61.959 |LF

Launch Esrcel

Figure 18. Card 17 of the "Soil Venting Stack” stack.
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Step 12:

Step 13:

Location:
Action:
Result:

Location:
Action:

Result:

Card 17 of the "Soil Venting Stack™ stack.

Read the instructions, then click on the "-->Import Data<--" button.
Y our screen should look like Figure 18. The table in the lower part
of the card lists model predictions. vapor concentration and residual
soil concentration (expressed as a percentage of their initial values),
aswell as the composition of the residual (expressed as a percentage
of the total for each boiling point range) as afunction of the amount
of air drawn through the contaminated soil. Note that as the volume
of air drawn through the soil increases, the vapor concentration and
residual soil levels decrease, and the composition of the residual
becomes richer in the less volatile compounds (BP Range #5). In
the upper right corner of the card are displayed the saturated, or
initial, vapor concentration and the minimum amount of air that must
be drawn through the soil per gram of initial contaminant to achieve
at least a 90% reduction in the initial residual level. Thisvaueis
used in future calculations as a design parameter.

Card 17 of the " Soil Venting Stack™ stack.

Click on the right-pointing arrow to advance to card 18 of the " Sail

Venting Stack” stack.

You are at card 18 of the "Soil Venting Stack" stack, which should

resemble Figure 19. Read the text. A summary of your input
parameters appears on the right side of this card. At the bottom

appears two calculated val ues representing the range of the minimum
number of wells required to achieve a 90% reduction in the initial

residual level in the desired remediation time. These values
correspond to idealized conditions, however, they can be used to

gauge the efficacy of soil venting at your site. For example, in this
case the minimum number of wells ranges between 0.7 - 7, which is
not an unreasonable number for asite the size of aservice station. If
the range had been 100 - 1000, then it might be wise to consider

other remediation options.

It is important to recognize that model predictions are intended to
serve as guidelines, and are limited in their ability to describe
behavior that might be observed at any given site. One should use
all the information available, in addition to idealized model
predictions to make rational decisions about the applicability of sail
venting.
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Step 14:  Location: Card 18 of the "Soil Venting Stack™ stack.
Action:  Click on the right-pointing arrow button to advance to card 19.
Resullt: You are now at card 19 of the "Soil Venting Stack™ stack. Thiscard
lists several phenomena that can cause one to achieve less than ideal
removal rates. Take the time to explore each of these options, then
return to card 19 of the "Soail Venting Stack™ stack.

fs Veuting Appropriate?

f the data and results. Temperatore [*C]: 18
Eased upon these numbers, a Contaminant Twpe: | Weathered Gasoline
"minimum mumber of wells” soll Type: [_Fine Sand

_ Well Radivs [in]: 2
has been calculated, which Est. Radivs of Influence [ft]: 40

hould give you sorne Permeahle Zone Thickness [ft]: 6.6
ndication of how Flowrate per Well (120" Var) [#0FM] 6.83
ppropriate venting is for Flowate per Well (120" Vac) [SCFM] 68.27
your application. MNote that Min. Vol of Air [Lig-residval]: 128.48
this iz the nurnber of wells if Estimated Spill Masa: 4000
ireurnstances are ideal, Desired Remediation Time [days]: 180

i 1. i i

Minimum # of Wells
0.72 |« Based

on Your Input Parameters

Figure 19. Card 18 of the "Soil Venting Stack" stack.
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Freld Tests

Paul & Dave's --I
Wenting Services [y

Figure 20. Card 20 of the "Soil Venting Stack” stack.
V.3.3 Sample Problem Exercise - Field Permeability Test.

Note: It is recommended that you always plot and visually inspect your data prior
to attempting to fit it to any theory.

In this example, we use Hyper Ventilate to analyze air permeability test data from the site
pictured in Figure 10. We will focus on results from the lower fine to medium sand zone
(45 - 50 ft below ground surface). Advance to card 20 (Figure 20) of the "Soil Venting
Stack” stack to begin.

Step 1. Location: Card 20 of the "Soil Venting Stack” stack.
Action:  Using the right-pointing arrow, advance to card 21 of the "Soil
Venting Stack" stack. Read the text, then click on the "Air
Permeability Test" button.
Resullt: You are a card AP of the "Air Permeability Test" stack.

Step 2: Location: Card APL of the"Air Permeability Test" stack
Action:  Read the instructions, then click on the "Show Me Set-up" button.
Take alook at the figure, then click the "Return” button to return to
card AP1 of the "Air Permeability Test" stack. Now click on the
"Test Instructions' button.
Result:  Youareat card AP3 of the "Air Permeability Test" stack.

Step 3 Location: Card AP3 of the "Air Permeability Test" stack.
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Step 4.

Step 5:

Action:

Result:

Location:
Action:

Result:

Location:
Action:

Result:

Read the text, ook at the sample data (click on the "show me sample
data" button) then enter the following values for this example:

soil layer thickness = 6.6 ft
estimated radius of influence =50 ft
air permeability test flowrate =15 CFM

Click on the "-->Calculate<--" button to estimate how long the air
permeability test should be conducted.
Y our results should match those displayed below in Figure 21.

Card AP3 of the "Air Permeability Test" stack.

Click on the "Return" button to return to card AP1 of the "Air
Permeability Test" stack. Then click on the "Data Analysis" button.
You are now at card AP5 of the "Air Permeability Test" stack.

Card AP5 of the "Air Permeability Test" stack.

Read the text, then step through cards AP6 and AP7, until you reach
card AP8 of the "Air Permeability Test" stack.

You are now at card AP8 of the "Air Permeability Test" stack.

Arr Permeabrifcry Test - fustroctions

1)

[dentify soil zones to be treated

2]

Install wapor extraction well(s) in this
Existing monitoring wells
may be uzed, when the screen interwal
extends only into the zone to be treated
Maote the extraction well radius and
borehole size. Insure that the well iz (= Calculate < )
not "connected” to other soil zones
through the borehole (use cement! grout [
to seal anmilar borehole region).

zone(s).

I: show me sample data ]

Pore Yolume Estimation:

Enter:

1} 30il Lazer Thickness [ft]:

23 Estimated Radins of Influence [ft]:
30 Al Perm. Test Flowrate [CFM]:

Pore ¥olume: 15543
# | Time to Extracta Pore Volume:[0.72

Figure 21. Card AP3 of the "Air Permeability Test" stack.
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Step 6: Location: Card AP8 of the "Air Permeability Test" stack.
Action:  Read the text, click the "clear" buttons to clear any entries from
columns, then enter the following data:
r=53ft r=32.4ft
Time Gauge Vacuum Time Gauge Vacuum
[min] [in HXO] [min] [in HXO]
9 0.1 4 1.2
11 0.2 7 3.0
15 0.2 9 4.3
23 0.4 12 55
30 0.7 16 6.9
40 1.3 24 9.9
100 2.8 30 11
39 13
52 16
77 20
99 21
110 23
121 24.5
141 25.5
flowrate =15 SCFM
screened interval thickness = 6.6 ft
While entering the data it is convenient to place the curser in thetime
column, type in the time value, then use the "tab" key to advance to
the vacuum reading column. Enter the corresponding vacuum
value, then hit the "tab key again. As you see, this advances the
curser to the time column again. Now click the "-->Calcul ate<--"
button.

Result: Your results should match those displayed in Figure 22. Soil
permeability values have been calculated by fitting the field data to
the theoretical model described in cards AP5 - AP7 of the "Air
Permeability Test" stack.

Step 7: Location: Card AP8 of the"Air Permeability Test" stack.
Action:  Review the results, then click on the "Explanation & Statistics"

button. This advances you to card AP9 of the "Air Permeability
Test" stack, which lists correlation coefficients for the data fitting
process. These values give an indication of how well the model
describes the behavior observed in the field. Values approaching
unity indicate a good fit. Your results should match those given in
Figure 23.
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Air Permeability Test - Data Analysis (cont.)
Buermadial -, o [ 53 Jimy =324 ] = Juw

distances of

monitorng poims _ GTin) (in H20) (miny  (in H20) (ming  {in H20%
g 0.1 |{x 4
Enter measured — 11 7
@ times and gange 15 0. q
TAEUILE 23 . 12
@ Enter {optional): 30 o. 16
40 1. 24
3) florwrrate 0| 2 30
[15 [escrm 39
b} screened interval 52
thickness 77

(£ (oar ) Clear
k= [15.69459[ darcw (A) k=|2.8558452| darmcy (A) k= darcy (&)
[ }c“]”“l‘“e{“] k= 9208665 darcy (BY k= [7.767599] darcy (B} k= darey (B

| Explanation & Smﬂsﬁss@ AFR

Figure 22. Card APS8 of the "Air Permeability Test" stack.

Air Permeability Test - Data Analysis (cont.)

O the previous Card (APS), the data wou input were fit o the approximate expression given on Card

AP6. It was analveed vsing both methods described on card AP, if wou inpat walues for the
xiraction well flowrrate (0% and the stabhun thickness (m). Below each column of data, the two
aloulated permeability walues are denoted b

darew A - refers 1o calenlation method 1 {zee Cand AP
darcwE) - refers 1o caleulation method 2 {zee Cand AP

Crorrelation Coef,

Dving the regression analwses, the data expressed as
pairs of points (In(f), B') are fittn a ine. The )
"correlation coefficient”, 1, is & measure of how well data zet#1 |0.941158

the data conform o the theoretical curve, As r--=1, the
data zet $2 | 0 98602
are given the correlaton coefficient walues for the three

data sets. For more info on the mesning of 1, consult data zet #3
any introdnetory Btatistics book.

Figure 23. Card AP9 of the"Air Permeability Test" stack.
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hY ysfem Deﬂ;gm

Torilla Flinging Outpost
&

Hydrocarbon Canting

Figure 24. Card 22 of the"Soil Venting Stack™ stack.

V.3.4

Sample Problem Exercise - System Design

In this example we illustrate the use of HyperVentilate for system design guidance. Asin
8V.3.2 and 8V.3.3, we use the sample site presented in Figure 10. At this site gasoline
was detected in three distinct soil strata: a fine to coarse zone located 10 - 30 ft below
ground surface (BGS), a silty clay/clayey silt zone located 30 to 42 ft BGS, and afineto
medium sand zone that extends from 42 ft BGS to the deepest soil boring (60 ft BGS).
Groundwater is detected in monitoring wells at about 50 ft BGS.

Advanceto card 22 of the "Soil Venting Stack™ stack to begin (Figure 24).

Step 1.

Step 2:

Location:

Action:

Result;

Location:

Action:

Result:

Card 22 of the " Soil Venting Stack™ stack.

Use the right-pointing arrow to advance to card 23 of the "Soil
Venting Stack™ stack. Read the text, then advance to card 24 of the
"Soil Venting Stack” stack.

Card 24 of the "Soil Venting Stack” stack, which appearsin Figure
25, should be displayed.

Card 24 of the "Soil Venting Stack™ stack.

Read the text, explore using some of the options. Y ou will find that
the options: "Well Location", "Well Construction”, "Surface Seals",
"Groundwater Pumping System", and "Vapor Treatment" provide
some useful guidance information on aspects and components of a
soil venting system. Return to card 24.

Card 24 of the "Soil Venting Stack™ stack should be displayed.
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System Desion. .

At the right 15 a list of the components
of a venting systermn design.  Click on
each to conduct the indicated phase of
the design process

Remember: Itis notour intention o provide a
generic recipe for wacuwm extraction svstem
design; instead we suggest the following as a
stiuctured thought process. As wou shall see,
even in a stctured thought process, intition
and experience play important roles. There is
no substiate for a good fundamental
understanding of swapor flow processes,
transport phenomena, and ground water flow!

Number of Venting Wells.

The procedure for estimating the required 3
mmber of extraction wells is similar to the .
process used previonsly to determine if
veniing is appropriate at a given site.

A illnstrated at the dght, we will estimate
single wertical well flowrates, caloulate the
rminivnum vapor flow required , determine
the areal extent of influence , and then
factor in any site-specific limitations. This
information then determines the necessary
munber of extraction wells.

Just proceed to followr the steps dictated on
the following cards---=

3 Number of Extraction Wells
1 %ell Location

1 Well Construction

1 Surface Seals

i) Groundwater Pumping System

» Yapor Treatment

Figure 25. Card 24 of the "Soil Venting Stack" stack.

Flowrate
Eztimation

Mazxinum Remowal
Rate

Iindvum ¥ olume
Fequirement

Bite- Bpecific
Limitations

Area of Influence
Fequirement

Figure 26. Card SD1 of the "System Design" stack.
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Step 3: Location: Card 24 of the "Soil Venting Stack” stack.
Action:  Select "Number of Extraction Wells' from the list of options.
Result: Card SD1 of the "System Design” stack should be displayed, as
pictured in Figure 26.

Step 4. Location: Card SD1 of the"System Design" stack.
Action:  Read the text, then use the right-pointing arrow to advance to card
SD2.
Result: Card SD2 of the "System Design" stack should be displayed.

Step5:  Location: Card SD2 of the "System Design™ stack.
Action:  Read theinstructions on the card, enter the following values into the
table, then click on the "Update" button:

Soil Zone
Parameter Medium Sand Clayey Silt Fine Sand
subsurface interval (ft BGS) 10-30 30-43 43-50
description of contaminant gasoline gasoline gasoline
radia extent of contamination (ft) 20 20 20
interval thickness (ft) 20 13 7
average contaminant concentration 100 1000 10000

Result: Card SD2 should now resemble Figure 27.

Step 6: Location: Card SD2 of the"System Design” stack.
Action:  Usetheright-pointing arrow to advance to card SD3 of the " System
Design" stack.
Result: Card SD3 of the "System Design” stack should be displayed.

Step 7: Location: Card SD3 of the "System Design" stack.
Action:  Read the text. Note that "clicking” on many of the table headings
will take you to "help" cards. Take afew minutes to explore the
use of these, then enter the following information:

Soil Zone
Parameter Medium Sand Clayey Silt Fine Sand
permeability (darcy) 10 - 100 0.01-0.1 1-10
design vacuum (in H2O) 40 40 40
WEell Congtruction:
Radius of Influence (ft) 40 40 40
Extraction Well Radius (in) 2 2 2
Extraction Well Screen Thickness (ft) 10 5 5

28



- HyperVentilate Users Manual -

Design Input Parameters. ..
(z0il stratigraphy & contaminamnt characteristics)

Select the total mass @ [kg]
units that you prefer () [Ih]

{ Clear All Entrdes )

Fleaze enter the required information for each distinet soil
lazeer, click on the "Update” button, snd then proceed o
the nextcarnd {ie. click on right arrow at hotmo). Contarninant

(the tab kev can be vzed o mowve between cells) Distributon

inberyal | @0nerage
radivg  |vhiskness| come.
[Et] [mglhkg]
Medinm Sand 10 1o 30 Fagoline 20 20 100
Clazey 2ilt 30 43 Fagoline 20 13 1000
Fine Band 43 =0 gagoline 20 7110000

Description of Depth BG & Description of
Boil TTndt [£t] Contamination

Lm REERS Bm U B R T A%

# Below Grownd Surface

Figure 27. Card SD2 of the "System Design” stack.

Design Input Parameters... [Not: - click on any table heading to| () Medim #ad
get mare info ) Fine Hand
- nze tab kew to move (7 #ilty Sand

between cells
) Claareyr &ilts

Extraction Well
Constmction Critical
Dezign Wolumne of

in . 11 radivz af
DESCI'..I.IIU.EIIII. of Permeahili* | Faruum r:;ﬂj t;i':::ss mﬁ;e Adre+  |Efficiency
soll Uit [Mewey] |0 H20)| [w] | qm | qeg | [Li] (58)
Medinm Sand 10) m 100 40 2 10 40 125843 100
Clarey Silt 0.01 .1 g0 = 5 40 128 100

Fine Sand 1 11 40 2 2 40 125 100

(mrIEES I U B R T SN

o

* Enker o chooze from sk ab top right #k minimum wolume of wapor required to achiewe remediation

(_Return ]

Figure 28. Card SD3 of the "System Design" stack.

O
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Step 8:

Step 9.

Result;

Location:
Action:

Result:

Location:
Action:

Result;

The "Critical Volume of Air" is calculated by the same procedure
used previously in 8V.3.2 (steps 10 -13). To initiate this
calculation, "click" on the "Critical Volume of Air**" heading.

Card SD5 of the "System Design" stack appears on your screen
(Figure 29).

Card SD5 of the "System Design” stack.

Read the text carefully. The focus of this card is the prediction of
vapor concentrations and removal rates as they change with time due
to composition changes. It is important to try to understand the
concepts introduced in this card. For more information, read the
reference article contained in the appendix. Click on the "Do a
Calculation” button to advance to card SD6 of the "System Design”
stack (Figure 30).

Card SD6 of the "System Design" stack appears on your screen.

Card SD6 of the "System Design" stack.

This card is used to finalize your input data prior to calculating vapor
concentration and residual soil contamination composition changes
withtime. Read theinstructionsin the order that they are numbered,
then enter "18" for the temperature and select "weathered gasoline”
from the three composition options. Becauseit is difficult to present
the behavior of each compound in a mixture composed of an
arbitrary number of compounds, the output is simplified by
reporting the behavior in terms of "boiling point" ranges. This
simply represents a summation of all compounds whose boiling
points fall between pre-specified values. Presented in this fashion,
the model results can be interpreted much more quickly. Click on
the "tell me more about BP ranges..." button, read the help card,
then return to card SD6 of the "System Design” stack. Click on the
"-->Set Default BP Ranges<--" button. Y our screen should now
look like Figure 30. Click on the "Generate Predictions" button
The message "Sit Back and Relax..." will appear on your screen,
followed by a screen on which the following appears:

"Copyright [0 Absoft Corp 1988

Copyright 00 Shell Oil Co 1990

HANG ON ----- YOU WILL BE RETURNED TO HYPERCARD...

# OF COMPOUNDS IN LIBRARY = 62"

Then card SD7 of the "System Design" stack will appear as shown
in Figure 31.
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Crrtreal Volume Calculation. ..

typically observed in ventng
operations.

emphasize that the degree of
remediation that can be achieved by
venting depends mainly on the
volume of vapor extracted divided
by the initial mass of residual
hdrocarbon. For the example
pictured at the mght, approximately
100 liters of air must be withdrawmn
from the subsuiface in onder to
remnove about 9098 of & single gram

The rezults are plotted in this wray 0

QUIGC (=0

% Removed

1

1 T =20
1

“Weathered Gasoline

1098 moistire content
Cit=0) = 222 mgll

100

-0

Qtim(t=0) (I/g)

: 60
il |
40
001 4
; 20
oot oo 0
0 100 200 200

Eeturn to Design

Do a Calewlation

% 305

Figure 29. Card SD5 of the "System Design” stack.

Crrtreal Yolume
Predictions. ..

Simply enter the temperature at
the rdght, and then specify the
compositon of wour contaminant.
If won are vnsure abont this, click
on the "About Composziton. .. "
button located at the lowrer fdght.

The model retorns ontput that 3
allowrs o, 1o determine

rezidual amonnts of

componnds falling within 5
boiling point ranges. Twpe in
TOUT 0% rAnges, or choose

the defanlt walues.

(D Temperstue ()

Comtaminamnt {7 Enter Distribution
2 Cumpusiﬁnn{ 3 "Fresh" Gasoline

{choose one)

i "Weathered” Gasoline

(3) (- Set Default BP Ranges <— )

Boiling Point Rance #1 [ =50 28

Eoiling Point Range #2 | 28 &l

Eciling Point Fangce #3 | 80 111

Eoiling Point Range #4111 144

Eoiling Point Eange #5 | 144 250

@ [Eeneraie Predictiuns]

tell me more ahout BP ranges. ..

Abhout Compositon. ..

Figure 30. Card SD6 of the "System Design" stack.

O
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Step 10:

Step 11:

Step 12:

Step 13:

Step 14:

Location:

Action:
Result:

Location:

Action:
Result:

Location:

Action:

Result:

Location:

Action:

Result;

Location:

Action:

Result:

Card SD7 of the " System Design" stack.

Read the instructions, then click on the "-->Import Data<--" button.
Y our screen should look like Figure 31. Thetable in the lower part
of the card lists model predictions. vapor concentration and residual
soil concentration (expressed as a percentage of their initial values),
aswell as the composition of the residual (expressed as a percentage
of the total for each boiling point range) as afunction of the amount
of air drawn through the contaminated soil. Note that as the volume
of air drawn through the soil increases, the vapor concentration and
residual soil levels decrease, and the composition of the residual
becomes richer in the less volatile compounds (BP Range #5). In
the upper right corner of the card are displayed the saturated, or
initial, vapor concentration and the minimum amount of air that must
be drawn through the soil per gram of initial contaminant to achieve
at least a 90% reduction in the initial residual level. Thisvaueis
used in future calculations as a design parameter.

Card SD7 of the"System Design" stack.

Click on the "Return to System Design"” button

A dialog box will appear asking: "Transfer Critical Volume Value?'.
Click on the "Yes" button. Y ou will now be prompted by another
dialog box asking: "What soil unit # isthis value for?'. Enter "1"
into the appropriate place then click on the "OK" button. Y ou will
now be transferred back to card SD3 of the "System Design" stack.
Note that the value "128.48" has been entered into the "Critical
Volume of Air**" column for the medium sand soil unit.

Card SD3 of the "System Design” stack.

Enter "128" into the "Critical Volume of Air**" column for the
clayey silt and fine sand soil units. For this example problem enter
"100" for the efficiency in all three soil units

Card SD3 should now resemble Figure 28.

Card SD3 of the "System Design” stack.

Click on the right-pointing arrow at the bottom of the page to
advance to Card SD4 of the "System Design” stack.

Card SD4 of the "System Design” stack should appear on your
screen.

Card SD4 of the " System Design” stack.

Assume that you wish to remediate this site in 180 days. Enter
"180" in the "Time for Clean-up" column for each soil unit. Click
on the "Update" button.

HyperVentilate calculates a range of flowratesto asingle vertical
well, then uses this value and other input parameters to determine
the minimum number of wells required based on two approaches.

O

32



- HyperVentilate Users Manual -

To read about these, click on the "Number of Wells" column
heading. Y our card SD4 should resemble Figure 32.

It is important to recognize that model predictions are intended to
serve as guidelines, and are limited in their ability to describe
behavior that might be observed at any given site. One should use
all the information available, in addition to idealized model
predictions to make rational decisions about the applicability of soil
venting.

You can read about the effect of venting at this site in the article:
"Soil Venting at a California Site: Field Data Reconciled with
Theory", by P. C. Johnson, C. C. Stanley, D. L. Byers, D. A.
Benson, and M. A. Acton, in Hydrocarbon Contaminated Soils and
Groundwater: Analysis, Fate, Environmental Health Effects, and
Remediation Volume 1, P. T. Kostecki and E. J. Calabrese, editors,
Lewis Publishers, p.253 - 281, 1991.
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(D[ --> Import Data <-- ) Saturated Yapor 0_2053E+03 | [meil]

Concentraton at ime=0
FIRST PRES® THE IMPORT Min Folume 10 Bemove _1 >5.48 [L-airtg-
DATA BUTTON ! >90% of Initial Residual - residusl]

Temperature (°C: 18

Contaminant Type: Weathered Gasoline |

These are the results for the
contaminant type that wou have

QU0 Vapor Residual | BP#1 EP #2 EP #3 EF #4 EBFP #5
L-aix! Crone. Lewel Rezidval | Residval | Residval | Residuval | Residual
g-regidual | [#5 Inital] | [¥8 Indtiad] | [98 total] | [#8total] | [ tofal] | [96 tofal] | [96 total]
.00 100,000 | 100,000 11.650 24.010 22.140 41.510
75.062 95,000 9.263 23.982 23.000 43,632
58631 an.nzz 6.755 23.474 23.820 45,950
R da.07a 85.034 .aoa 4512 22.403 24 577 48,509
1.49 39390 80,034 .aoa 2.632 20,771 25.248 51.350
2.11 31941 75035 .aoa 1.222 18.503 25,765 54,509
z2.87 25.916 70,035 .aoa 385 15.556 26.031 S8.028 |
3.81 21.150 65,037 .aoa Qi 12.053 25.919 61.959 |LF

Print Card J D7

Eeturn to System Desiﬁn

Figure 31. Card SD7 of the "System Design" stack.

DESIEII Iﬂplll P eters. .. Hote: - click on any table heading o get more info

Pleaze enter (1) the desired tme period for - uze tab kev 0 move between cells
rernediation, (2 the design gange sacum, and

then (3) click the "updan" bumon, (3)

(1) (2) Mirdmusn Humber of Wells

Time for | Design | Flowrate per Yapor

DEZI?:EPETDIEDI, Clean-up | Vacuum Extraction Well Bsf:i:n Bﬁiniﬁﬂmﬂ
[days] | {in H200 [BOFM]

IMedinm Sand 130 40 8.4 354.4 0.2 n.n
Clayey 2ilt 130 40 n.0 0.e 0.2 6.3
Fine Sand 130 40 1.9 19.2 0.z 3.3
Ha Ha Ha Ha
Ha Ha Ha Ha
5PN & SN E&
Ha Ha
B& F&

afl = e e e =

{w s BEES I U I R T AN I

M - not enovgh inpuk daka

Figure 32. Card SD4 of the "System Design" stack.
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Appendix A: "Soil Venting Stack" stack cards.
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Appendix B: "Soil Venting Help Stack" stack cards.
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Appendix C: "Air Permeability Test" stack cards.
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Appendix D: "Aquifer Characterization" stack cards.
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Appendix E: " System Design" stack cards.
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Appendix F: " Compound List Update" stack cards.
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Appendix G: Reprint of:

" A Practical Approach to the Design, Operation, and
Monitoring of In Situ Soil Venting Systems"




